We present the results of an imaging survey, from the optical to the mid-infrared, of the dark cloud associated with Car I, a dense cloud that is subject to an intense ultraviolet radiation field from the rich stellar cluster Trumpler 14. New ground-based broad-and narrowband near-infrared and narrow-band optical images are analysed in combination with archived Spitzer/InfraRed Array Camera (IRAC) images to study this photodissociation region (PDR) and the triggering of a new generation of stars within the cloud, particularly close to its edges. Evidence is given of a clumpy morphology of the dense cloud. The ionization/dissociation front is delineated at the edges of these clumps. The existence of a number of embedded lowto intermediate-mass pre-main-sequence objects is confirmed by their considerable infrared excesses arising from discs and/or detectable X-ray emission. Most of the young stellar objects (YSOs) are located on or just behind ionization fronts, though a few are also outside the cloud. The infrared properties of the YSOs are discussed. Two Class I objects stand out, one of them is an FU Orionis system candidate that had an outburst of more than 3 mag in K between 1993 and 2003, with further evidence that it occurred in the 2000-02 period. Molecular hydrogen line filamentary emission behind the Balmer and Brackett lines along the ionization front is seen delineating the edges of the dense cloud. This emission is also seen in all IRAC images. The diffuse, filamentary emission is very similar in all four 3.6, 4.5, 5.8 and 8 μm bands, though there seem to be subtle differences. Across a bright section of the ionization/dissociation front, we found that, within the observational uncertainties, the maximum emission in all four IRAC channels coincides with that of H 2 2.12 μm. The western, embedded, dissociation front close to the CO peak (Car I-W) is seen delineated by a bright, long bar of emission in the 3-12 μm images, in the Midcourse Space Experiment bands A and C and also in radio continuum and hydrogen line emission. These occur in the vicinity of a region of previously reported strong [C I], [C II] and [O I] emission, tracers of PDRs. A few bright, compact knots of H 2 emission, some possibly associated with [S II] emission, are found within the cloud. These may be shock-excited.
There is observational evidence that the process of massive star formation has been active for several million years and is continuing (Megeath et al. 1996; Brooks, Whiteoak & Storey 1998; Smith 2000; Brooks, Storey & Whiteoak 2001; Brooks et al. 2003; Rathborne et al. 2004; Smith, Bally & Brooks 2004; Smith, Stassun & Bally 2005 and Paper I) . Thus, it is becoming evident that stars are currently being born in several parts of the complex. This continuous process seems to be the result of the momentum injected into the medium by the large-scale winds and UV radiation from older massive stars within the nebula.
The study of the interaction of large radiation fields with dense molecular gas giving rise to photodissociation regions (PDRs) has become increasingly important for the understanding of star formation, insofar as the evolution of the nearby dense clouds is primarily dictated by these interactions. The massive young star cluster Tr 14 (see Vázquez et al. 1996 and Paper I) contains a large number of O-type stars, including an O2If * and two O3.5V((f+)) stars in its nucleus and several later O-type stars in its vicinity (Walborn 1995; Walborn et al. 2002) that provide, at the location of the dark cloud, an UV field (neglecting dust absorption) in excess of 24 erg s −1 cm −2 (Brooks et al. 2003) . This radiation interacts directly with the neighbouring dense CO cloud which harbours Car I, an H II region close to the CO emission peak (Whiteoak & Otrupcek 1984) . The ionization front produced at the roughly semicircular boundary of the dense, dark cloud is well delineated at all wavelengths (Car I-E; Whiteoak 1994 and Paper I). Fig. 1 presents a large field [S II] image illustrating the basic elements of this complex region. At first sight, this interaction provides a textbook example of a PDR, though the threedimensional picture of this region looks increasingly complicated as more radio and infrared information is collected. Brooks et al. (2003) performed recently a detailed radio and far-infrared study of this PDR.
In the this paper, we present an imaging study of this region. This includes calibrated deep JHK and narrow-band images centred on the H 2 2.12 μm and Brγ lines supplemented by optical CCD images taken with narrow-band filters centred at several atomic lines as well as Spitzer/IRAC archive images that cover most of the area under study. These are compared with available Midcourse Space Experiment (MSX) data. The next Section presents the observations while the results are discussed in Section 3. The conclusions are drawn in Section 4.
O B S E RVAT I O N S

Optical images
The narrow-band optical images in several of the most important atomic lines and neighbouring continuum were secured at Las Campanas Observatory (LCO) in 1994 March 17-22, using the 40-in. telescope and the TEK1 1024 × 1024 pixel detector. The plate scale is 0.71 arcsec pixel −1 and image quality was ∼1.4 arcsec [full width at half-maximum (FWHM) of stellar images] during the whole observing run. The San Pedro Mártir Series I set of nebular filters was used.
1 The narrow-band filters are centred in the following emission lines: Hβ, [O III] 5007 Å, Hα, [N II] 6584 Å and [S II] 6731 Å. Additionally, a filter centred at 6724 Å lets through both lines of the [S II] doublet. Continuum images were taken with filters centred at 3792, 4772, 5954 and 6253 Å. These filters were designed for an f /7.5 converging beam, nearly the same as in , and an operating temperature of 0
• C. Dome temperature during our observations was 13
• C on average, which would shift the filter's transmission curve ∼2.5 Å to the red. Since the minimum bandwidth of these filters is 10 Å, all the inspected lines fall within the transmission curves. Note that the Hα and [N II] 6584 Å lines are isolated by their respective filters.
Near-infrared images
The near-infrared images were obtained during two runs, with the Clay and Baade Magellan telescopes and Persson's Auxiliary Nasmyth Infrared Camera (PANIC) attached. The camera has a Rockwell 1024 × 1024 Hawaii array that provides a 2 × 2-arcmin 2 field of view with 0.125 arcsec pix −1 . The JHK frames, obtained in 2003 May 17 on the Clay telescope, were constructed with nine dithered positions 6 arcsec apart, each with total integration time of 50 s at an airmass of 1.6. Because of the large extended emission, the sky frames were taken immediately after at various positions away from the bright nebula and with identical camera settings. We processed the data using standard techniques (e.g. Gómez et al. 2004 ) with the software package IRAF.
2 The resulting images are presented in a combined JHK colour image in Fig. 2 (left-hand panel) . Pointspread function fitting photometry was performed with the DAOPHOT package (Stetson 1987) under IRAF. Several standards from the list of Persson et al. (1998) were used to calibrate the data. The final photometry for the stars in common agreed within the formal errors with that reported in Paper I. The completeness-limiting magnitudes of the survey are K = 17.3, H = 18.2 and J = 18.8, though sources up to 1 mag fainter were detected.
Uncalibrated Brγ and H 2 images were obtained with the Baade telescope in 2004 February 29 by dithering nine images separated by 9 arcsec. The PANIC H 2 and Brγ filters are centred at 2.12 and 2.16 μm with bandwidths 0.024 and 0.022 μm, respectively. A K s -band 'continuum' image was obtained by subtracting the The bluish SE section was not covered by IRAC in bands 2 and 4 since this region lies at the edge of a larger field observed. In both panels, north is up and east is to the left-hand side. (Table 3 ) are marked. D and E are seen also in [N II]. The stellar residuals were artificially erased, except for source #136 to the NW and the saturated star Tr 14-30 to the SE. The unlabelled diagonal line represents the slit for the scans shown in Fig. 11 . North is up and east is to the left-hand side. narrow-band Brγ and H 2 frames from the broad-band K s frame after scaling for the respective bandwidths. The resulting image should represent quite accurately the distribution of the continuum emission, assuming that no other emission line contributes significantly in the K s band. Continuum-subtracted Brγ and H 2 images were then obtained and these are displayed with the same scale in Fig. 3 together with those for the Hβ and [S II] λλ6717 + 6731 lines.
Mid-infrared images
In 2004 April 2, a quick survey of a small region of size 40 × 30 arcsec 2 (fully sampled region) centred at α = 10 h 43 m 26. s 7; δ = −59
• 34 37 (J2000) was performed at 8.9 μm (0.78 μm FWHM), 9.8 μm (0.93 μm FWHM) and 11.9 μm (1.16 μm FWHM) with TIMMI2 on the European Southern Observatory (ESO) 3.6-mtelescope at La Silla with the usual chopping and dithering technique. The total on-source integration times were 8 min in each filter in the fully sampled region. No source was found at any wavelength with fluxes above 234 mJy arcsec −2 (2σ ) at 8.7 μm, 410 mJy arcsec −2 (2σ ) at 9.8 μm and 480 mJy arcsec −2 (2σ ) at 11.9 μm. With a fraction of the effective integration times, a larger area of size 84 × 67 arcsec 2 was covered, where the sensitivity limits were three to four times lower. Inspection of the images in the four MSX bands and the Point-Source Catalogue are consistent with this negative result.
Finally, we made use of archived 3.6-, 4.5-, 5.8-and 8.0-μm images obtained with the InfraRed Array Camera (IRAC) on the Spitzer Space Telescope (pipeline version S12.0) which cover most of the field under study. A colour-coded (3.6, 4.5 and 8 μm in R, G and B, respectively) image is presented in the right-hand panel of Fig. 2 . Source finding and aperture photometry were performed using DAOPHOT package within IRAF. An aperture radius of 2 pixel (∼2 arcsec) and a sky annulus extending from 2 to 4 pixel were used. We applied the corresponding aperture corrections and the 0-mag fluxes from the Spitzer/IRAC User Manual, v. 5.0, (277.5, 179.5, 116.6 and 63 .1 Jy for channels 1, 2, 3 and 4, respectively) in order to convert fluxes into magnitudes. The band 1 (3.6 μm) image is shown in Fig. 4 with the infrared objects discussed in Section 3.2 labelled. Table 1 summarizes the new observations reported in this work.
R E S U LT S A N D D I S C U S S I O N
Colour-colour and magnitude-colour diagrams: embedded population
In the survey area, a total of 240 sources were detected in the K s band, distributed as schematically shown in Fig. 5 . Of these, 166 were also measured in H and only 107 in the three near-infrared colours. Due to the large dust extinction caused by the dark cloud, the apparent surface density of stars is much larger outside the field of the cloud than within its boundaries. It was found that of the whole sample, only 44 per cent of the sources lie in projection within the boundaries of the cloud, although it comprises 72 per cent of the area covered. The IRAC images covered most of the area imaged in K s . 23 point sources brighter than magnitudes 12.3 and 12.0 were detected in the 3.6-and 4.5-μm IRAC bands, respectively. All of them had K s -band counterparts. Six fainter unresolved objects were also definitely detected but five of these were too faint for reliable magnitude determinations. Only three point-like objects were measured at 5.8 and 8 μm. A number of 2.2-μm point-like sources were located within bright, extended and nebulous IRAC-band emission, rendering the detection of fainter unresolved sources impossible. Table 2 lists the 71 sources found to show excess emission at λ > 2 μm or X-ray emission detected by Chandra (16 cases; Townsley et al. 2005) . The table gives positions, PANIC and IRAC magnitudes and individual remarks that describe their main properties. There were 24 objects which displayed K s -band excess and were not detected by IRAC. Other seven sources showed 3.6 μm excess not evident at JHK. With one exception, all X-ray sources in the list provided by Townsley et al. (2005) were detected in the infrared. Of these 16 X-ray and infrared sources, only four were found not to show a measurable infrared excess but in three cases, marginal IRAC detections suggested disc emission might be present. The nine most peculiar sources will be discussed individually in Section 3.2.
In paper I, the extinction to the Tr 14 cluster stars was found to be very variable, with a mean value for the optically visible stars of A V = 2.52 while the near-infrared survey revealed a population of cluster stars which show higher reddening, with a mean A V = 6.9 or E(J − K) = 1.12 and no obvious gradient towards the PDR boundary. The well-defined interface into the dense cloudlet marks not only the ionization front but also a decrease in the apparent stellar surface density, a fact that is interpreted as evidence that the PDR is seen edge-on with no clear evidence of Tr 14 star members inside the cloud.
The present deep near-infrared survey confirms an earlier suggestion (Paper I) that there are highly reddened stars inside the cloudlet (see Fig. 2 ) and that, within that area, there is a clear gradient of the stellar surface density from NE to SW, a characteristic seen better in Fig. 5 . The observed projected number density of stars outside the cloud boundaries (up to our K s -band limiting magnitude) is 105 arcmin −2 while it decreases drastically to 42 arcmin
within the projected boundaries of the cloud excluding the 1 arcmin 2 SW corner region. In the latter, the projected density is only 14 arcmin −2 . It is important to determine whether this is due to the presence of two stellar populations (i.e. Tr 14 cluster members outside and an embedded, new generation of stars inside the cloud) or an effect caused by gradients in reddening and, if so, what is the true geometry of the cloud(s) and the physical properties (e.g. spatial distribution, ages) of the conglomerate of stellar objects in the cloud. We will argue that the present observations can be explained by a continuous star formation process that started with the oldest stars of Tr 14 in the optical nucleus of the cluster and that the cloud has been eroded continuously as new stars are created.
First, we need to understand the three-dimensional picture of the complex. We start by determining the distribution of the optical depth towards the detected sources. This ought to give us information about the distributions both of the dust and of the stars in the present survey. Note that, because of the presence of a very dense molecular cloud behind Tr 14 and obviously in Car I, we see no background stars, even on the present deep survey (cf. Paper I). Also, the number of foreground stars in our sample is quite small [E(H − K) < 0.15]. This population is well localized on the JHK s two-colour and magnitude-colour diagrams (Fig. 6 , left-hand panel and Fig. 7 ) and, as expected, their relative numbers (inside and outside the cloud) resemble the respective fractions of the area covered. Thus, the great majority of the sources under study are associated with the Carina complex.
Because the range of values of the stellar intrinsic colour index is quite small [−0.06
, except for those young objects with significant excess emission at λ > 2.2 μm. Since in these cases, colour excess indices would underestimate the optical depth, they were excluded from the extinction analysis. Thus, for most sources in is made up of members of the Tr 14 cluster, which we know is partially embedded in the dense cloud in the background (cf. Paper I).
We can see that their distribution rises with a constant slope, until the obscuration reaches A V ∼ 15 and the distribution increases more slowly due to an increase in density of the obscuring material when the back end of the cluster gets embedded in the dense cloud, though it is impossible to determine the true depth (in pc) where this happens. The distribution flattens completely at A V ∼ 29 and no sources are detected beyond this optical depth. Various observational indications of the presence of recent star formation spots along the aforementioned background boundary have been found as several deeply embedded young stellar objects (YSOs) have been reported in the direction of the visible cluster (Rathborne et al. 2002 and Paper I) . The apparent number distribution of sources within the dust cloudlet is quite different, showing several 'shoulders' or points of inflection. At low optical depths (A V < 5) the cumulative distribution resembles that of stars outside the cloud. Clearly, these are foreground stars or members of Tr 14 on the front side (lightly embedded) of the cluster. At this optical depth, the distribution increases with a smaller but constant slope until it reaches A V 22, indicating a higher and roughly constant dust density in a kind of 'protuberance' that seems to end at A V 31. At this depth, the cloud density decreases and starts to increase again when A V gets to 31 until the cumulative distribution becomes totally flat at A V 45. This is, presumably, where the large-scale dense cloud obstructs the radiation from any source further inside or in the background. Note that in the area of radius 1 arcmin from the SW corner of our survey area no embedded sources are seen due to extremely large extinc- tion, with the exception of a few young stellar objects just outside the cloud. This could be because either the star formation processes have not yet 'reached' that part of the cloud or the dust density in that region increased enormously.
Analysis of the JHK s two-colour and magnitude-colour diagrams (Figs 6, left-hand panel and Fig. 7) suggests the presence of several well-defined 'groups' of stellar sources in our sample, labelled I-IV in the 'Remarks' column in Table 2 . Each group contains a set of sources that occupies a well-defined region in the J − H versus H − K s and/or the K s versus H − K s diagram and, thus, are probably at similar evolutionary stages and have other physical properties (e.g. luminosity) in common.
Finally, nine highly reddened, massive young stellar objects with large near-infrared excesses constitute the most interesting group (V) in our sample and these will be discussed in detail in Section 3.2.
(I) Eight stars (open triangles in Figs 6 and 7) which are relatively bright in J, show low reddening (A V 3) and near-infrared colour indices that imply early spectral types (<A5) with slight K s -band excesses. Their observed magnitudes suggest that they are underluminous and we find no evidence of Brγ emission. Only one of these (#60) was detected by IRAC in channels 1 and 2, showing excess emission at these wavelengths. Because of their small colour indices, members in this group lie most probably on the edge of the Tr 14 cluster, in front of the dark cloud.
(II) 23 stars (filled circles in Figs 6 and 7) with moderate extinction (A V ∼ 3-6) have JHK s colours that suggest A to early-K spectral types and moderate to small excess emission at λ > 2 μm. None was detected by IRAC and only two turned out to be X-ray sources. These are most probably Herbig Be/Ae and T Tauri members of Tr 14. The continuum-subtracted Brγ image suggests that a good number of sources in this group may have this hydrogen line in emission. The large majority (87 per cent) of these sources lies outside of the projected limits of the dense cloud; the remaining 13 per cent are located very close to the boundary, strongly suggesting that they are also Tr 14 cluster members. Because of their similar location in the K s versus H − K s diagram, 10 other sources not detected in J could also belong to this group. In the absence of a complete study of the entire cluster, it is impossible to determine whether these stars located close to the dissociation region are characteristic of the whole cluster or only of the interface region.
(III) Highly reddened mid-and low-mass embedded stellar objects. This subsample, consisting of 33 sources (filled squares in Fig. 7) , is located in a well-defined area of the K s versus H − K s diagram. We infer spectral types ranging from A to G and 18 < A V < 35. With two exceptions, all these sources lie within the projected boundaries of the dark cloud. All but one of them have J magnitudes lower than our detection limit. These sources must be embedded members of the Tr 14/Car I complex. All are too faint to be measured on the IRAC images.
(IV) This group is composed of 20 medium to highly reddened [1.0 < E(H − K s ) < 2.3] massive YSOs (open circles in Figs 6  and 7) . 10 of them show small K s -band excesses and two of them have quite large excess emission at λ > 2 μm. The rest were too faint to be detected at J. All have H − K s colours consistent with B4 to A0 spectral types. Extinctions for the six sources outside the cloud are in the range 15 < A V < 20 and for those inside the cloud, the extinctions are considerably higher, 20 < A V < 31. The optical depths of the former group suggest that these sources are located (and formed) along the current interface region between Tr 14 and the dense cloud in the back of the cluster (cf. Fig. 6 ). All of them showed some kind of emission in the 3.6 and 4.5 μm IRAC frames. 10 of these were point-like at these frequencies with no detection at longer wavelengths. Three were too faint for reliable photometry with IRAC. The other half of the group was at positions where there was bright extended, nebulous emission in all IRAC bands. Naturally, a physical association between the near-infrared embedded sources and the diffuse mid-infrared emission cannot be established with the present data. Finally, we can summarize that the characteristics described above suggest that this group is composed of Herbig Ae/Be stars.
Additionally, eight of the sources detected by Chandra (Townsley et al. 2005) do not show JHK s characteristics similar to the previously mentioned groups but still present hints of youth, like considerable excess emission at λ > 3 μm not apparent at shorter wavelengths (#21, #33, #59, #87, #115, #126, #152 and #157). Three of them (#21, #87 and #115) are seen in the 3.6-and 4.5-μm IRAC frames but are too faint to allow photometric measurements. The presence of detectable X-ray emission and infrared excesses lead us to consider them as probable T Tauri stars with different amounts of extinction according to their positions in the cloud.
Individual embedded massive YSOs (V)
10 of the objects in our sample (filled triangles and arrows in Figs 6 and 7) deserve particular attention as their characteristics indicate that these are among the youngest and most highly reddened objects so far detected in this dark cloud. These are identified in Fig. 4. 
Sources #22 and #46
Located well inside the dust cloud (Fig. 4) , these are the most conspicuous-looking stars in the JHK s colour-coded image presented in Fig. 2 for their brightness and 'yellow' colour. Their JHK s , [3.6] and [4.5] colours indicate that both are heavily reddened and intrinsically bright early-B stars with definitive but slight excess emissions beyond 2 μm. From their positions in the 1.2-4.5 μm two-colour diagrams, we find that for source #22, A V = 38 and for source #46, A V = 27. Neither of these is listed in the MSX PointSource Catalogue, ruling out cool dust emission, nor was detected in the Chandra survey. Our observational data suggest that these stars are embedded in the cloud but not extremely young.
Sources #24 and #70
Sources #24 and #70 stand out because of their quite large K s − [3.6] indices, 4.20 and 3.85, respectively. Because both are too faint at λ < 2 μm, they were not detected on our J or H images. On the 3.6-and 4.5-μm frames, source #70 consists of two or may be three close point-like components, although at 2.2 μm it looks single. Source #24 is unresolved at all wavelengths.
Two pairs of sources #106 and #110, and #105 and #108
Located right behind the ionization front on the NE edge of the dark cloud, sources #106 and #110 are very close together on the sky, with an N-S separation of only 1.7 arcsec (around 4600 au). They have similar H − K s colours and were too faint for detection at J but were detected as unresolved X-ray (Townsley et al. 2005 ) and 3.6-and 4.5-μm IRAC sources. The combined H − K s , K s − [3.6] colours indicate moderate excess emission at longer wavelengths and heavy extinction, with values of A V from 50 to 60. Clearly, these are very YSOs close to the main ionization front.
The second pair, sources #105 and #108, is located less than 20 arcsec to the west of the pair just described. In projection, the two stars are 1.0 arcsec (2700 au) apart, with position angle (PA) 135
• . They are also detected as a single Chandra (Townsley et al. 2005 ) and IRAC source. Source #105 is 0.51 mag fainter in K s than #108 with a slightly redder H − K s index and with J-band emission fainter than our limit. In common with the previous pair, these sources are seen projected precisely on one of the filaments that characterize this region in the four IRAC bands (Fig. 4 , Section 3.3). A relatively strong, unresolved source with traces of circumstellar extended emission is seen on the 3.6 frame and, to a lesser extent, in the 4.5-μm IRAC image. Due to this, the aperture photometry may reflect an enhancement in [3.6]. At longer wavelengths (5.8 and 8 μm), the unresolved source is still contrasted over the filamentary emission and crude estimates of the fluxes in IRAC bands 3 and 4 yield 18 and 35 mJy, respectively. The K s − [3.6] excess is the largest in our sample (cf. Fig. 6 ). The observed photometric properties of this system of very young medium-mass stellar objects can be understood in terms of a pair of classical T Tauri stars with circumstellar discs.
Sources #125 and the FU Orionis candidate object #136
In a previous near infrared study, Paper I reported the discovery of a near-infrared source (their source no. 2) with properties that suggested it may be the ionizing star of the radio compact H II region that Brooks et al. (2001) had found in the northern part of the Car I dark cloud, although the radio and the near-infrared coordinates differed by a few arcseconds. The present observations of this extremely red source, #125, extend its infrared photometry, from 1.6 to 8 μm. It was too faint to be detected in J. Its point-like (FWHM = 0.9 arcsec) appearance and positional offset (4.5 arcsec in right ascension and 3.0 arcsec in declination) from the compact radio H II region are confirmed, ruling out source #125 as its sole source of ionizing energy. From its 1.6-8 μm spectral energy distribution, shown in Fig. 9 (open symbols), we derive values of the 2.2-8.0 μm luminosity of L 2-8 μm = 2.3 L and a spectral index of Also within the Car I dark cloud, source #136 is probably the most intriguing infrared object found in the region. At the epochs of the present observations, it was the brightest point source at λ > 3 μm (cf. Fig. 4) and one of the brightest at 2.2 μm within the cloud and at the same time, the object with the reddest H − K s , K s − [3.6] and [3.6]-[4.5] indices. Fig. 10 shows four K s -band images of the northern area of the cloud taken at different epochs. The earliest was obtained in 1993 March with the LCO Swope 1.0-m telescope. There is no trace of the object at the K s -magnitude limit, 14.5. In 1993 November, it was observed with the DuPont 2.5-m telescope also at LCO. In this image, the limiting K s magnitude is 16.5, though even fainter objects than this are unambiguously detected. The absence of source #136 is conspicuous. This source is also fainter than the detection limit, K ∼ 14.5 in the twoMicron All Sky Survey (2MASS) (e.g. our source #22) are clearly detected over diffuse filamentary emission within the dark cloud. No point source brighter than this magnitude is seen at the position of source #136. Therefore, the brightening of source #136 (amounting to at least 1.5 mag in the L band) probably occurred after 1999.
The 2003-04 1.65-8 μm spectral energy distribution (SED) of source #136 is shown in Fig. 9 . The luminosity in this wavelength range is ∼ 45 L and the spectral index α 2-8 μm = 3.3. This value and its position on the IRAC two-colour diagrams indicate that source #136 is a Class I object. In order to estimate reliably the total luminosity of this object, we would need high spatial resolution and sensitivity flux density measurements at longer wavelengths. These are not available, as our TIMMI2-limited survey did not cover this part of the cloud. The MSX mission did detect a point source at the position of source #136 and the MSXC6 Source Catalogue reported measured flux densities in bands A and C (8.3 and 12.1 μm, respectively) while upper limits are given for bands D and E (14.6 and 21.3 μm). These measurements are included in Fig. 9 . Because of the low spatial resolution of the MSX instrument (around 20 arcsec at 8 μm), the fluxes correspond to a large area that includes the position of the point-like sources #125 and #136 as well as considerable diffuse emission which probably dominates bands A and C. As the MSX catalogue gives only upper limits for the flux at 14.6 and 21.3 μm at this position, we deduce that the MSX flux at 8.3 and 12.1 μm is mostly due to 7.7, 8.6 and 11.3 'aromatic' bands with practically no contribution from the stellar sources. It must be noted that the Midcourse Experiment survey occurred in 1996-97, long before source #136 was discovered to have brightened in the nearinfrared. Note also that the IRAC observations were made in 2004 January only 8 months after our Clay JHK s images were obtained. Two additional features, observed in several bona fide FU Orionis systems, support our suggestion that source #136 belongs to this class. These come from the analysis of the H 2 image. In our 2.12 μm continuum-subtracted molecular hydrogen frame, source #136 presents a stellar residual much larger than all other stars in the field, including those with the same brightness. This suggests strong emission of this line from the immediate vicinity of the star. Furthermore, as will be seen in Section 3.3, a jet-like emission in H 2 is seen to emerge from this source. The orientation of the molecular hydrogen jet and the very large obscuration towards the source [E(H − K) > 4], hint towards an accretion disc seen edge-on and with an orientation on the plane of the sky of 45
• . We need nearinfrared spectra to confirm the presence of spectral signatures (e.g. CO absorption bands) of this kind of object as well as long-term monitoring of the source to confirm its nature.
Atomic and molecular gas
Ionization and dissociation front
A large-scale depiction of the physical conditions in the Car I region is presented in Fig. 11 , where a direct comparison of line emission in [S II] 6717 + 6731 Å, Brγ and H 2 2.12 μm is displayed in a colourcoded image. The extended H 2 filaments stand out over a general background of diffuse Brγ emission, marking the irregular boundary of the dense cloudlet facing the UV radiation field from Tr 14. Emission from S + , coded in blue, is seen to lie generally attached to the H 2 filaments, just where the ionization and dissociation front (IDF) moves into the cloud.
In Fig. 12 we take a closer look at a small section of this front, where scans were taken on continuum-subtracted optical and nearinfrared emission lines and the four IRAC images. The scan vector was set almost perpendicular to a bright and narrow filament seen at all wavelengths (see Figs 3 and 13). Scans were centred at α = 10 h 43 m 33. s 7; δ = −59
• 34 12 (J2000) have a PA = 45
• , and extend ∼11 arcsec into the ionized region (positive sign) and the molecular cloud (negative sign). One pixel sampling was taken for the optical and mid-infrared scans (plate scales 0.715 and 1.2 arcsec pix −1 , respectively) and a 3 × 3 pixel box for the near-infrared scans (plate scale 0.125 arcsec pixel −1 ). Data points are separated by ∼1, 0.6 and 1.7 arcsec in the optical, near-and midinfrared scans, respectively. The projected distance and PA from the scan centre to Tr 14 are close to 200 arcsec and 25
• , respectively. Since we are inspecting relative distributions, all scans have been normalized. All line and continuum emission peaks are close to the scan central position. This is further evidence that the IDF is seen nearly edge-on at this position. Thus, these scans are a reasonably accurate depiction of changes in the ionization and atomic structure in the region between the fully ionized and the fully molecular gas. Bear in mind that no image was corrected for reddening, so that comparisons between different lines and/or bands carry more weight when wavelengths are similar or extinction is not significant. The relative line and continuum distribution will be discussed mostly separately for each wavelength range.
Scans for 16 cm, separates the region where oxygen is trapped in molecules from the region where it is ionized. Finally, notice that emission from all optical lines does not drop to zero as the IDF is crossed from the photoionized region. This is so because Tr 14 is in front of the dense molecular cloudlet (Paper I), thus producing a thin veil of optical emission between the observer and the dense cloud. Note also that all line ratios imply softer conditions (less ionization) in this veil than in the gas between Tr 14 and the IDF.
Scans for H 2 2.12 μm and Brγ are displayed in Fig. 12(d) . The plot shows that the dissociation of H 2 and ionization of neutral hydrogen, i.e. the transition from molecular to fully ionized gas, occurs on a scale close to ∼1.5 arcsec, or over a distance of ∼6 × 10 16 cm. Since at an optical depth A V ∼ 1-2 there are no photons left to dissociate H 2 , we conclude that the density at the edge of the molecular cloud is 3-6 × 10 4 cm −3 (for a hydrogen column density per magnitude of visual extinction of 1.9 × 10 21 cm −2 ; Bohlin, Savage & Drake 1978) . At this point it is worth noticing that the Brγ and Balmer lines maxima occur at different positions. This is because no extinction correction was applied to any line and a larger fraction of the Brγ photons emerge from regions deeper into the cloud.
Scans of the four IRAC channels (at 3.6, 4.5, 5.8 and 8.0 μm) are displayed in Fig. 12(e) . Data points for the four scans are equally spaced (1.7 arcsec), less than or equal to the spatial resolution of the Spitzer Space Telescope in the first three channels, but smaller than in channel B4, where the resolution is ∼2.5 arcsec. All IRAC bands peak at the same position, which happens to coincide with the position where the H 2 2.12 μm line emission reaches maximum. Similar observations of other H II regions may help providing some understanding of the significance of this coincidence. Tielens et al. (1993) obtained images of the Orion bar with filters centred at the H 2 2.12 μm line and the 'aromatic' band at 3.3 μm, finding that the latter is 10 arcsec further inside the ionized region (0.03 pc or ∼2 arcsec at a distance of 2700 pc). They argue that this is so because aromatic molecules are more stable than molecular hydrogen in atomic regions. This 'aromatic' band is contained in IRAC B1 channel, but we observe no such displacement with respect to the molecular hydrogen peak. IRAC channel B2 contains molecular hydrogen emission lines, Brα and, most importantly, no 'aromatic' bands. Consequently, following the arguments provided by Tielens et al. (1993) , emission in channel B2 should be further into the molecular cloud than in channels B1, B2 and B4 as well, since all these contain intense 'aromatic' bands at 3.3, 6.2, 7.7 and 8.6 μm. Once again, no such thing is observed, just as was reported for the Horsehead nebula by Habart et al. (2005) . These authors found that emission through the Infrared Space Observatory Camera (ISO-CAM) LW2 (5-8.5 μm) filter peaks at the same position as that of the H 2 2.12 μm line. Whether these discrepancies with the Orion bar are caused by differences in the physical conditions in those regions or by other factors (e.g. presence of other spectral emission features in the broad ISOCAM and IRAC bands) cannot be established until spectroscopy or narrow-band imaging isolating the relevant emission features is performed.
In view of the above discussion, we investigate whether there are subtle differences in any two of the IRAC channels by obtaining the ratios of several pairs of IRAC images. It can be seen that, without exception, all ratios change in an orderly and smooth manner as we move across the IDF: in some cases there is a drop in the image ratio (B2/B1 and B4/B1), while in others there is a smooth decline or upswing (B2/B3, B3/B1, B4/B2 and B4/B3). Three of these scans are illustrated in Fig. 12(f) . There is no case where the ratio is flat or erratic, as would happen if these ratios were insensitive to conditions across the IDF. Four of these ratio images are shown in Fig. 13 . The PDRs revealed by the continuum-subtracted H 2 2.12 μm stand out in all of them, particularly in the B4/B1 image ratio, two of the channels containing strong emission from aromatic molecules. Thus, it is obvious that the images in the four IRAC bands contain important data that are sensitive to the changing conditions across the IDF. Research on the nature of these data is beyond the scope of this paper.
A bright 'bar' extending N-S on the western side of the studied area is the most prominent feature in all IRAC channels (see Fig. 4 ). The densest part of the cloud, as indicated by the 13 CO maps (Brooks et al. 2003) , is in this direction. This bar is also bright in the MSX A band (8.3 μm), fainter in the MSX C (12.1 μm) image, where only the weaker 'aromatic' 11.3 μm emission contributes, and extremely faint in the MSX 14.7-and 21.3-μm images (bands D and E). Since the primary emission in the last two bands is from thermal dust, we conclude that there are no embedded energetic sources heating dust locally in the densest part of the molecular cloud. Note also that the cold dust emission in the 60-and 100-μm IRAS bands peaks close to the dense cloud core (Brooks et al. 2003) . Over this region, there is also extended bright emission in H 2 2.12 μm (Fig. 11) (Brooks et al. 2003) , confirming that this region is a PDR. The PDR is also well defined in hydrogen-line and continuum maps at radio wavelengths (Brooks et al. 2001) . Given the previous arguments, it is clear that the source of energy for this PDR is the Tr 14 association, not an Table 3 ) overlaid on a section of the H 2 λ 2.12 μm image. The infrared molecular hydrogen double emission knot A (Table 3) is marked H 2 . The stars in the field are also labelled. The brightest of these also appear on the optical images and their contours are drawn to illustrate the uncertainties in the image registration process. Coordinates are J2000. embedded massive star. These results, as well as the kinematics of the gas studied by Brooks et al. (2003) are consistent with the original schematic model of the region presented by Dickel (1974) and later refined by Brooks et al. (2003, see their fig. 13 ).
Compact emission knots
In addition we found three compact isolated H 2 line emission knots, marked as A, B and C in Fig. 3 and listed in Table 3 , which do not seem to be connected to the IDF. We suggest that H 2 emission in the knot B is shock-excited, since it is much brighter than the contiguous extended filaments defining the IDF, but there is no other indication that this is so (such as strong [S II] 6717 + 6731 Å emission). Structure B is elongated, with a faint jet-like morphology pointing away from source #136, the FU Orionis candidate described in Section 3.2.4 This star, located 5 arcsec SW from the bright H 2 knot, is the most likely powering source. Notice that the knot appears to be part of a semi-elliptical H 2 filament that could be related to the same star. The compact H 2 knot C is close to the western PDR and radio H II region peak (the 'bar' or Car I-W, Whiteoak 1994; Rathborne et al. 2002) , with no apparent association with any infrared source on our images.
Structure A is composed of two isolated, compact and bright H 2 knots, which we also presume to be shock-excited. Close to this knot we find faint elongated emission in Hβ, Hα, [S II] 6717 + 6731 Å and [N II] 6584 Å (structure D), as seen in detail in Fig. 14. The only stellar object close to the axis of the elongated structure is source #91, a low-mass star with low obscuration and distinctive nearinfrared excess. It is tempting to associate the faint optical nebula and the H 2 knots with this star, but their projected distribution is hard to explain. Only deeper narrow-band observations will serve to clarify this enigma. Finally, we note structure E, an elongated 'plume' sticking out of the main ionization front to the north, that is seen only in Brγ , [N II] at 6583 Å and the two [S II] lines at 6717 and 6731 Å and in no other observed line, including Hα and Hβ.
C O N C L U S I O N S
We have presented narrow-and broad-band images from the optical to the near-infrared, of the Tr 14/Car I photoionization and PDR. The main conclusions from our analysis are as follows.
(i) More than 71 out of the 240 near-infrared sources measured showed significant infrared excess, 24 of which were also point sources in IRAC images and 16 have X-ray emission detected by Chandra. From the positions in the infrared two-colour and magnitude-colour diagrams, we divided our sample of stellar sources in the direction of the cloud and its eastern neighbourhood into several groups: (i) slightly reddened early-type stars with small K-band excesses; (ii) embedded early-to intermediate-type stars with moderate extinction (A V 3-6) and significant near-infrared excess, most of of which lie outside the dark cloud; (iii) highly reddened (A V 18-35) mid-to low-mass stellar objects embedded in the cloud that were too faint in J to be measured; (iv) medium to highly reddened (A V 15-31) massive (B4 to A0) YSOs, many of them projected close to the ionization front, most of them detected in the thermal infrared by IRAC with significant infrared excesses and X-ray emission. The properties of these stellar objects suggest that they belong to the Herbig Ae/Be class.
(ii) A number of sources with extreme infrared characteristics were found. Among them is a new embedded Class I young stellar source probably associated with an H 2 -like structure flowing away from the cloud. It was found to have brightened by more than 3 mag in the K band between 1993 and 2003 but there is no photometric information available to determine unambiguously whether that occurred during a sudden outburst or in a continuous manner, though comparisons with published uncalibrated 2-and 3-μm images support an outburst occurring between 2000 and 2002. This object is probably an FU-Orionis system. We also confirm the presence of another Class I source only 20 arcsec away, close to, but not coincident with, a compact radio H II region. Their infrared luminosities were found to be around 90 and 5 L , respectively. Two other close pairs of stars with quite similar infrared colour indices and large infrared excesses, with separations of 2700 and 4600 au, are located within the cloud near the northern section of the main ionization front. The components of these pairs seem to be embedded T Tauri stars.
(iii) The dark, dense cloud Car I, well delineated by the bright ionization front revealed in all optical images, is found to have a very clumpy structure on its side facing the observer. This is evinced by the distribution in A V of the projected and embedded sources. Filamentary H 2 -and 'aromatic'-band emission is seen behind the front.
(iv) Scans taken across a section of the ionization/dissociation front (IDF) in several images of optical and near-infrared lines, as well as the four IRAC bands, showed an orderly progression of the state of the gas. We discovered that the layer of atomic oxygen is ∼6 × 10 16 cm thick (at d = 2700 pc). We found the same value for the separation between the H 2 2.12 μm and Brγ peaks, from which we determined that the density at the edge of the molecular cloud is between 3 and 6 × 10 4 cm −3 . Within the observational uncertainties, we found that the maximum emission in all four IRAC channels across the IDF coincides with the H 2 2.12 μm peak. Furthermore, IRAC ratio images look distinctively structured throughout the ionized and molecular region.
(v) Isolated, compact knots of H 2 emission were found within the cloudlet. One of these is probably associated with the embedded FU Orionis candidate, no associations with stellar sources were evident for the others. In one case, a pair of compact H 2 knots is very close to an elongated [S II] and Hβ and [N II] structure.
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